Abstract In practice, progeny and individual palm selection are believed to be the most suitable breeding approach for improvement of quantitative traits in oil palm because their phenotypic expressions are strongly influenced by abiotic factors. Therefore progeny selection approach was applied in this study for the selection of high fresh fruit bunch (FFB) and dwarf oil palm planting materials. Cross between Deli dura and Nigerian pisifera resulted into 34 D 9 P full sib progenies with 1036 seedlings. For six consecutive years, data were collected on yield and yield component traits, while vegetative traits were recorded once. Bi-parental analysis was carried out using analysis of variance, followed by progenies mean comparison, variance components, heritabilities and cluster analysis. Highly significant (P B 0.01) progeny effect was recorded in this study and this had a pronounced effect on the expression of all the quantitative traits.
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Progenies performance of FFB varied significantly and it ranged from 166.49 to 220.06 kg/palm/year (kg/ p/yr) with trial mean of 192.93 kg/p/yr. Palm height after 8 years of field planting ranged from 1.67 to 2.78 m (control cross) with trial mean of 2.12 m. Broad sense heritability (h 2 B ) was found to be very low (\17.60%) for all the yield traits, however this parameter was high for vegetative traits with palm height having h 2 B of 90%. Cluster analysis based on all the quantitative traits grouped all the 34 DP progenies into nine distinct clusters. From this study, five progenies (DP3, DP4, DP5, DP8 and DP24) were identified to be high yielding and dwarf palms compare to trial mean. At density of 140 palm/ha, they will produce FFB of 28.63-30.81 t/ha and average of 29.69 t/ha which is about 27.15% higher in FFB when compared to the current planting material with FFB of 23.35 t/ha. In addition, the selected
Introduction
Oil palm is a world renowned monoecious evergreen tree crop found in tropical and sub-tropical regions of the world. It is one of two species the African known as Elaeis guineensis Jacq., and the Latin American is Elaeis oleifera (Corley and Tinker 2015) . The species E. guineensis which originated from West Africa is the world's largest oil producing cultivated oleaginous crop when compared to others, such as soybean, rapeseed and canola (Darby 2014; USDA 2016) .
Looking at the present and projected demand for vegetable oil to feed the growing human population which has been projected to reach 9-10 billion by the year 2050, efforts must be made to increase the oil production by closing the gap between the present plantation yield output (3.5 tonnes) and potential yield of 9-12 tonnes (Murphy 2014) .
Continuous breeding of improved planting materials, balanced fertilizer application and appropriate agronomical practices and improved factory efficiency are the long and short-term measures suggested to improve the oil yield and productivity of oil palm (Davidson 1991; Barcelos et al. 2015) . However, the use of planting material of high-yielding genetic base has been proven to be the most efficient and sustainable means of increasing the yield output of oil palm (Arolu et al. 2016) .
Germplasm prospection and conservation, progeny testing, selection and genetic by environmental trial are breeding schemes through which improved materials are made available to the industry (Rajanaidu et al. 2000) . Progeny evaluation plays an important role in revealing the yield performance and potential of germplasm materials for adequate introgression into the program . The need for germplasm prospection arose due to the narrow genetic base of the existing oil palm population, thus introgression of new genes is imperative to widen the genetic base of the current population (Rajanaidu and Ainul 2013) . Being a centre of excellence, the Malaysian Palm Oil Board (MPOB) has embarked upon germplasm prospection to different parts of the world, collecting genetic materials of oil palm from the wild such as an expedition to Nigerian in 1973 (Rajanaidu et al. 1979) . The germplasm collected during this expedition was evaluated and used for improvement of current breeding materials (Rajanaidu et al. , 2000 .
Breeding and improvement of oil palm for various economical traits using conventional methods have continued for many decades and this has led to some breakthroughs in the past. Conventional breeding and mating design, such as bi-parental, North Carolina mating (NCM) I, II and III have been used for the improvement of various traits in oilseed plants and other food crops (Nduwumuremyi et al. 2013; Arolu et al. 2016) . The use of bi-parental mating design enables the calculation of genetic variance, heritability, and other variance components (Comstock and Robinson 1948; Fujino et al. 2015) . Selection based on phenotypic traits enables one to produce crop plants with desirable qualities for high economic return. Till today, this breeding method is adjudged as the most productive and efficient method when compare to the molecular breeding method (Khan 2015) .
Hence, the aim of this experiment was to select the high yielding and dwarf planting materials through progeny testing. This was done by studying the genetic variability among the full-sib progenies of Deli dura 9 Nigerian pisifera, their mean performance, variance components and clusters analysis.
Materials and methods

Plant materials
A crossing programme was made between 24 Deli dura and 10 Nigerian pisifera palms, leading to the creation of 34 full-sib progenies. The Deli dura are have their pedigree traced to Ulu Remis, Johor Labis, Banting materials, while the pisifera parents have their root from MPOB Nigerian population 12 collected in 1973. The seedlings were raised in the nursery and transplanted to the field at one year of age. A total of 1036 seedlings were planted using randomized complete block design (RCBD) in two blocks, with 16 palms per progeny planted in each block at the planting density of 136 plants/ha covering 7.62 ha. The experiment was conducted from the year 2004 to 2014 with annual rainfall ranging from 1957 to 3813 mm/yr and mean rainfall of 2814 mm/yr. The field maintenance and agronomy practices, such as fertilizer application, pest and disease control, and weeding were carried out following the standard operating procedure (SOP) as explained by Donough et al. (2009) .
Data collection
Data collection from each palm started 5 years after field planting and continued for 6 years for fresh fruit bunch (FFB) and yield components (bunch number (BNO) and average bunch weight (ABW).
Note: n represent the number of harvesting rounds, BWT bunch weight (kg).
The bunch analysis was done using the standard method of Nigerian Institute of Oil Palm Research (NIFOR), Nigeria (Blaak et al. 1963; Rao et al. 1983 ). These traits include mean fruit weight (MFW), fruit to bunch (FTB), oil to bunch (OTB), kernel to bunch (KTB), mesocarp to fruit (MTF), shell to fruit (STF) and other traits.
Vegetative traits, such as palm height (HT), frond production (FP), petiole cross section (PCS), rachis length (RL), leaflet number (LN), leaflet length (LL), leaflet width (LW), leaf area (LA), leaf area index (LAI), diameter (Dia) were measured from all the palms using non-destructive method (Corley et al. 1971; Breure and Powell 1988) . Three vegetative traits such as, LA, PCS and RL were measured on the frond seventeen (17).
Statistical analysis
Individual palm data was subjected to bi-parental analysis (Table 1 ) using the analysis of variance (ANOVA). Due to some missing data, general linear model (PROC GLM) programme of SAS 9.4 software (SAS Inc) was used.
where Y ijk is the phenotype of the kth palm of the ith progeny and the jth replication, f i is the effect of the ith progeny, r j is the effect of the jth replication, a ij is the interaction between f i and r j , and e ijk is the residual error resulting from environmental contributions.
Mean comparison was done using the Duncan new multiple range test (DNMRT) to separate the means. From ANOVA, variance components and heritability estimates of all the traits were carried out using intraclass correlation coefficient (t g ) as described by Falconer and Mackay (1996) . In full sib families, broad sense heritability is the ratio of the total genetic variance to phenotypic variance is equal to 2t g . Multivariate analyses in form of cluster analysis was performed using the mean of each trait.
where r 2 g = genotype variance, r 2 gr = interaction between genotype and replication variance and r 2 e = error variance.
Results and discussion
Yield and yield component traits
The mean square of bi-parental analysis of yield and yield component traits namely FFB, BNO and ABW are presented in Table 2 . As shown in this table, the influence of progeny was highly significant on all the yield and yield component traits. Similarly, the effect of interaction between the progeny and the replicate was highly significant on average bunch weight of the palm, significant for bunch number, but non-significant on fresh fruit bunch indicating the consistency of the fresh fruit bunch over the two blocks. Highly significant differences (P B 0.01) in FFB, BNO and ABW due to their progenies difference signify the presence of sufficient genetic variation which could gives ample scope for selection. In oil palm breeding, genetic variations are very important because they are sources of new genes which could be introgressed to widen the narrow genetic base. Highly significant variation due to progeny effect on yield and yield components (FFB, BNO and ABW) was reported from performance evaluation of the Nigerian dura 9 Deli dura oil palm progeny trial ). On a similar note, Junaidah et al. (2011) observed that the influence of progenies was highly significant on the FFB, BNO and ABW while studying the performance of tenera derived from Deli dura and different pisifera sources. Marhalil et al. (2013) has equally reported highly significant (P B 0.01) progeny effect on the FFB and other yield component during evaluation of MPOB-Nigerian dura 9 AVROS pisifera progenies. The mean performance of each progeny together with trial means of yield and yield component traits is presented in Table 3 . Progeny DP5 was ranked highest in terms of FFB with 220.06 kg/p/yr while the least FFB was recorded in progeny DP31 with 166.49 kg/p/ yr with trial mean of 192.93 kg/p/yr. In terms of BNO, DP25 was found to have the highest BNO with 20.27 bunches/p/yr. However, DP34 which is the standard cross was found with the least BNO (13.96 bunches/p/ yr) with trial mean of 16.94. Progeny DP26 was found to obtain the highest average bunch weight (ABW) with 13.53 kg/bunch, and the progeny with least ABW was found to perform below trial mean (11.56 kg/ bunch).
Looking at the pedigree of the progenies, all the high performing progenies could be traced to Ulu Remis dura (UR 609/316) which was known for its outstanding performance in terms of bunch weight, while the bunch number was inherited from the Nigerian pisifera parent, renowned for its high bunch number. The pedigree information of pisifera parent palms revealed that they are from MPOB Nigerian population 12. The performance of this population was quite interesting both in terms of yield and vegetative traits. The FFB, BNO and ABW of the Nigerian population 12 dura were 189.22 kg/p/yr, 15.19 bunches/p/yr and 11.79 kg/bunch, respectively. This information was based on 5 years yield data (1982) (1983) (1984) (1985) (1986) (1987) from the trial 0.149 planted in 1975 (Rajanaidu et al. 2000) . It was quite interesting to note that the FFB performance of Nigerian dura was 26.14% higher than the current SIRIM standard MS Table 1 Outline of ANOVA and expected mean squares (EMS) for full-sib progeny analysis
Within palms/error MS4 r 2 e n 0 harmonic mean for palms in progenies/replicate, g harmonic mean for progenies, r number of replications components traits are quantitative and polygenic in nature, but the increased yield observed in the progenies under consideration could be attributed to their Nigerian pisifera parents. This is because FFB is a derived trait from the product of ABW and BNO, thus high BNO coupled with moderate ABW is imperative for achieving high FFB (Arolu et al. 2016) . In another dura improvement program involving Nigerian selection in United Plantation Berhad trial plot, FFB of 168 and 224 kg/p/yr was recorded with mean of 196 kg/p/yr (Sharma 1999).
Additionally, the yield performance of MPOB Nigerian population 12 tenera palms was evaluated in similar trial (0.149) like their dura counterpart. The FFB of this population was 200.24 kg/p/yr and this was 17.65% higher than the 0.149 trial mean of 170.74 kg/ p/yr (Mohd Din et al. 2014) . The BNO and ABW 18.24 bunches/palm and 11.66 kg/bunch. In another trial, Soh et al. (1999) reported that two Nigerian tenera cross (PK664 and PK617) had FFB of 239.3 and 260.8 kg/p/yr, respectively. While the former is comparable to the control in terms of FFB, the later cross was 9.54% higher than the control D 9 P with FFB of 238 kg/p/yr. All the above reports affirmed the useful and importance of Nigerian germplasm materials due to their high yield and low vegetative growth. This high yield occurred due their high bunch number, but the deficiency of the materials is the small bunch size which was compensated by Deli dura, a female parent known for her good bunch weight. Moderate bunch weight plays a significant role in determining the FFB of oil palm, however, it needs to be supplemented by high bunch number for it to bring desired outcome. On the other hand, high bunch number with small bunch size will not result into high FFB. Lim (1999) reported that the FFB performance of Nigerian D 9 T cross was 30% higher than the commercial control cross. In addition, he observed that the bunch production of Nigerian D 9 T materials exceeded the commercial materials for the first four consecutive years of measurement by three bunches with some progenies (PK978, PK906 and PK924) having 18 bunches/palm/ yr compared to 11 bunches in most of the D 9 P tested.
The progeny variance component (r 2 g ) ranged from 7.16 to 23.86% in FFB and ABW respectively. Progeny by replication effect (r 2 gr ) was very small. The largest variance component was the error variance (r 2 e ), which ranged from 72.55 to 87.86% for ABW and FFB, respectively. This occurred since this component incorporates both the genetic and microenvironmental effect. Environmental effect is more pronounced on the bunch number because moisture stress or abnormal high temperature lead to high production of male inflorescence rather than female inflorescence (Corley 2003 ).
Bunch quality traits
Mean squares of bunch quality traits are presented in Table 4 . Influence of progenies was highly significant (P B 0.01) on all the bunch quality traits. These traits are mean fruit weight (MFW), mean nut weight (MNW), mesocarp to fruit ratio (MTF), kernel to fruit ratio (KTF), shell to fruit ratio (STF), fruit to bunch ratio (FTB), oil to bunch ratio (OTB), kernel to bunch ratio (KTB), oil to fruit ratio (OTF), oil yield (OY), and kernel yield (KY). However, the interaction between progeny and replicate (G 9 R) was not significant for most of the traits except OTB, OTF, and OY which were significant. Oil yield (kg/p/yr) which varies between the blocks was known to be very sensitive to any change in environmental factors and this justified the highly significant effect of replicate and G 9 R interaction. The insignificant differences of G 9 R interaction effects observed in some of these traits (MFW, MNW, MTF, KTF, STF and FTB) indicate the consistency in their performance over the two blocks. Highly significant (P B 0.01) progeny effect on the expression of all the bunch quality traits showed the presence of genetic diversity which is of high importance for breeding programme. Bunch quality traits play an important role in determine the bunch weight, since they constitute the economically important parts of the bunch. Good bunch weight coupled with high bunch numbers make a progeny to be high yielding. Genetic diversity in bunch quality traits helps to introduce new genes, widen the scope of selection and thus enhance their improvement. Highly significant (P B 0.01) progeny effect on the expression of bunch quality traits has been reported in MPOB-Nigerian dura 9 AVROS pisifera progenies (Marhalil et al. 2013 ). On a similar note, it was reported that genetic variability was found in yield and bunch quality traits in D 9 P planted under different agencies and planting densities in Malaysia . Progeny variance in bunch quality traits ranged from 9.70% for FTB, to 37.29% for MNW. Oil yield was found to have progeny variance of 19.72%, while OTB, had 18.08%. Variance progeny and replicate interaction was found to be very low and it ranged from 0 to 8.65% indicating the insignificant effect it has on the bunch quality performance. On the other hand, as seen earlier, the variance error was found to have the highest effect of all the three components and it ranged from 62.71 to 100%. This might be due to both genetic and micro climate effects.
The MFW ranged from 9.78 to 16.16 g/fruit with progeny mean of 12.41 g/fruit. Progeny DP23 and DP5 were ranked as the highest and lowest progeny for MFW respectively (Table 5 ). Highest MNW was found in DP28 (3.57 g) while the lowest MNW was measured in DP12 (1.45 g) with trial mean of 2.25 g. Mesocarp to fruit ratio (MTF) is one of the most important bunch quality trait due to the fact that 95% of oil is found in this part of the fruit (Corley 2003) . Highest MTF was found in progeny DP12 (87.72) followed by DP8 (86.09) and these progenies had low KTF, STF and KTB. In terms of MTF, DP12 was 7.17 and 11.25% higher than the trial mean and standard cross, respectively. The Progenies DP3, DP8, DP12, DP17 and DP34 (standard or check cross) were found to perform above the trial mean in all the traits of interest, such as MTF, FTB, OTB, OTF and OY. Progenies with good bunch quality traits are good for selection because they bring about high oil extraction ratio, thus leading to high oil yield.
Looking at their pedigree, all the progenies (DP9 and DP11) with Johor Labis dura source performed below trial mean for majority of all the bunch quality traits. In terms of mean fruit weight, progenies with Ulu Remis dura source which had low MNW were found to high oil OTB (C27%) similar to that of Johor Labis dura source (27.37). Progeny with Banting dura pedigree (DP33) was found to have MFW of 10.10 g was which below trial mean, but in terms of OTB, the performance was very good (28.21%), and above trial mean. In terms of OPY, Ulu Remis dura UR 609/316 and UR 515/3018 palm were found to be outstanding with more 55 kg/p/yr of oil yield. High oil yield of these pedigrees was due to their good oil to fruit, mesorcarp to fruit and, oil to bunch traits.
Vegetative traits
The influence of progenies was highly significant (P B 0.01) on all the vegetative traits and this showed the existence of variability among the progenies (Table 6 ). Interaction effect between progenies by replication (G 9 R) was highly significant (P B 0.01) on frond production (FP), rachis length (RL), leaflet width (LW), palm height (HT), and palm trunk diameter (DIAM), while other are not significant for G 9 R interaction effects. Block effect was highly significant on the expression of these vegetative traits (FP, RL, LW, and HT). The present of highly significant progeny effect on the expression of vegetative traits indicated the presence of genetic diversity which makes the materials to be suitable for selection. Genetic diversity among the vegetative traits allows selection and breeding of compact palms which enable MFW mean fruit weight, MNW mean nut weight, MTF mesocarp to fruit ratio (%), KTF kernel to fruit ratio (%), STF shell to fruit ratio (%), FTB fruit to bunch ratio (%), OTB oil to bunch ratio (%), KTB kernel to bunch ratio (%), OTF oil to fruit ratio (%), OPY oil yield (kg/palm/yr), KPY kernel yield (kg/palm/yr), CV coefficient of variation Means followed by the same letter with the same column are not significant different at P B 0.05 by DNMRT high-density planting due to their small vegetative size. It was reported that the progenies effect was highly significant (P B 0.01) on all the vegetative traits while studying the performance of the introgressed Nigerian dura and Deli dura progenies ). In addition, Sunilkumar et al. (2015) observed that among the interspecific oil palm hybrids, there was highly significant genetic effect on the expression of bunch quality and vegetative traits during the evaluation for dwarfness in India. Percentage of progeny variance was quite high in most of the vegetative traits compared to others. It ranged from zero in DIAM to 45% in HT. As found earlier, the variance interaction of progeny and replicate was very small, while variance error accounted for the largest portion of the three components.
The mean performances of vegetative traits for all the progenies together with their corresponding trial mean are presented in Table 7 . Frond production (FP) ranged from 23.24 to 30.16 fronds/p/yr. Progeny DP18 was found with highest FP, followed by DP14, DP13 and DP3 with 28.97, 28.94 and 28.72 fronds/p/yr and these three progenies are not significantly different (P [ 0.05). The least FP was found in progeny DP26. Fond production plays a significant role in bunch number because stalks of the bunch are attached to the axil of each frond. Five progenies (DP5, DP7, DP29, DP33, and DP 26) were found to have the highest PCS of 36.13, 36.17, 37.52, 37.98 and 38.82 cm 2 , respectively and these were not significantly different based on DNMRT. On the other hand, three progenies (DP18, DP1 and DP10) which were not significantly different from one another based on DNMRT were found to have the lowest PCS of 23.96, 25.38 and 25.67 cm 2 respectively. Rachis length varied significantly among the progenies with a range of 4.52-6.05 m. Lowest RL was found in progeny DP18 (4.52 m), followed by DP10 (4.72 m) and these were not significantly different from each other based on DNMRT. Also having RL below the trial mean (5.24 m) were the three progenies (DP6, DP32 and DP1) with 4.85, 4.87 and 4.98 m respectively. However, progeny DP29 was found to have the highest RL, followed by other three progenies (DP7, DP15 and DP26) which were significantly different from one another. Palm height ranged from 1.67 m in progeny DP23 to 2.78 m in DP34 with a trial mean of 2.06 m. DP23 which was observed to have the lowest palm height was not significantly different from nine other progenies, namely DP11, DP20, DP19, DP6, DP31, DP12, DP32, DP30 and DP10. Progeny DP25 which was next to progeny DP34 (tallest progeny) was not significantly different from other two progenies (DP8 and DP5) with palm height of 2.60 and 2.58 m respectively. Short to dwarf palm height is a desirable trait in oil palm plantation because it eases harvesting process and other agronomical management practices such as pruning of dry fronds. In addition, short palm height aids nutrient concentration and diversion towards fruiting and yield instead of vegetative growth in tall palms. Leave area index varied from 4.58 in progeny DP18 to 7.72 DP29 with a trial mean of 5.78. The LAI is the leaf area per unit ground surface area. In oil palm plantation, LAI is the product of the number of palms/ha, the number of leaves/palm and their mean leaf area. Optimum LAI is obtained when the bunch yield/ha is highest and this FP frond production, PCS petiole cross section (cm 2 ), RL rachis length (m), LL leaflet length (cm), LW leaflet width (cm), LN leaflet number, HT palm height (m), LA leaf area (cm 2 ), LAI leaf area index, DIAM diameter of palm trunk (m), CV coefficient of variation Means followed by the same letter with the same column are not significant different at P B 0.05 by DNMRT varies from one location to another but in South-East Asia, it is taken to be from 5.5 to 6.0 (Breure 2010) . Using this standard, 11 progenies with the least having FFB of 181.28 kg/p/yr fell into this category, out of which three progenies (DP4, DP8 and DP5) were top ranking in terms of yield with 212.07, 212.41, and 220.06 kg/p/ha respectively. Palm trunk diameter is an important trait as it gives stability and support for the palm to bear the weight of the fruit yield and also plays an important role in determining planting density. In this trial, DIAM ranged from 0.61 m in progeny DP20 to 0.68 m in DP29 with trial mean of 0.63 m. Progeny DP29 which was found to be the highest in terms of DIAM.
Heritability and genetic parameters
The broad sense heritability (h 2 B ) and genetic advance (GA), are presented in Table 8 . Broad sense heritability (h 2 B ) was highest in palm height (90%) followed by frond production (81.02 fronds), mean nut weight (74.58%) and rachis length (72.72%), while lowest h 2 B was recorded in FFB (17.60%) and fruit to bunch (19.40%). Low broad sense heritability was reported for FFB (6.47%) during evaluation of introgressed Nigerian dura and Deli dura progeny palms ). In addition, Obisesan and Fatunla (1982) reported low heritability for FFB among the full-sib NIFOR D 9 P progenies during 14-year evaluation. It is widely known that heritability in yield and yield component traits is very low due to the sensitive nature of the traits to the environmental factors. The outbreak of water stress, climate change or inadequate fertilizer in oil palm could bring about a significant yield reduction due to the low production of female inflorescences (Corley and Tinker 2015) . In this population, the heritability of vegetative traits, such as palm height, rachis length, and frond production was high. With this, it could be deduced that influence of environmental factors on the expression of these traits was low in vegetative traits as compared to the yield and yield components.
Cluster analysis and distance similarity matrix based on quantitative traits
The cluster analysis based on the progeny quantitative traits using unweighted pair group method with arithmetic mean (UPGMA) as revealed in the dendrogram, grouped all the 34 progenies into nine distinct clusters (Fig. 1) . Cluster III, has the highest number with 18 progenies, followed by cluster VI with five progenies and cluster VII with three progenies (Table 9 ). Cluster I and V had two progenies each while cluster II, IV, VIII and IX had one member each. Cluster I had the highest mean FFB (215.60 kg/p/yr) ( Table 10 ). The occurrence of this was due to high BNO (19.09 bunches) together with moderate ABW = broad sense heritability (%), FFB fresh fruit bunch (kg/palm/yr), BNO bunch number (bunches/palm/yr), ABW average bunch weight (kg/bunch), MFW mean fruit weight, MNW mean nut weight, MTF mesocarp to fruit ratio, KTF kernel-to-fruit ratio, FTB fruit to bunch ratio, OTB oil to bunch ratio, KTB kernel to bunch ratio, OTF oil to fruit ratio, OPY oil yield (kg/palm/yr), KPY kernel yield (kg/palm/yr), FP frond production, PCS petiole cross section (cm 2 ), RL rachis length (cm), LL leaflet length (cm), LW leaflet width (cm), LN leaflet number, HT palm height (m), LA leaf area (cm (11.05 kg/bunch). Next to cluster I in terms of high FFB, was cluster II which comprises of one progeny with high BNO (17.60 bunches) and moderate ABW (12.24 kg/bunch). These two clusters (I and II) which comprised of DP3, DP5 and DP8 belong to Ulu Remis Deli dura grant parent UR 515/3018 and UR 515/316. These two parental palms are outstanding in terms of the bunch weight, fruit size and oil to bunch and oil yield. On the other hand, cluster VI and VIII got the least FFB as a result of low BNO (16.29 and 13.96 bunches, respectively) despite their moderate ABW. All the palms in these two clusters have their pedigree to Ulu Remis Deli dura but from different progenies when compared to those of cluster I and II. Cluster VIII had the lowest BNO with 13.96 bunches/p/yr and this resulted in low FFB despite the fact that it has the highest ABW (12.45 kg/bunch) compare to other clusters. The low FFB might be due to pisifera effect, this is because the palm was ranked low among the other Nigerian palm during the NCM I analysis of the male parent (Arolu et al. 2016 ).
In terms of bunch quality traits, cluster I and II were found to have highest mean OTB with 30.21 and 30.28%, respectively, while cluster IV and VI were ranked to be lowest in OTB with 26.06 and 25.70%, DP3  DP5  DP8  DP4  DP9  DP30  DP6  DP14  DP13  DP22  DP24  DP21  DP32  DP12  DP16  DP17  DP2  DP33  DP19  DP26  DP23  DP7  DP20  DP28  DP10  DP25  DP27  DP1  DP18  DP11  DP15  DP31  DP29 respectively. On a similar note, cluster I and II were found to have the highest cluster mean for oil yield (6709 and 64.56 kg/p/yr). However, the least cluster means for oil yield were found in cluster IV and VI, respectively. In terms of palm height, the cluster mean varies from 1.84 m in cluster VI to 2.78 m in cluster VIII. Cluster IV and VI were also found to consist of progenies with short palm height with 1.88 and 1.84 m, respectively. Cluster II which has the highest cluster FFB has the palm height of 2.60 m. The dendrogram revealed that, progenies which are closely related in terms of their performance in certain trait were found together in the same cluster. On a similar note, progenies with contrasting performance in certain traits (e.g. FFB and HT) were found in different cluster. These observations are in accordance with some previous studies on oil palm (Bakoumé et al. 2011; Ma et al. 2015) . Junaidah et al. (2011) reported that 25 full-sib tenera grouped into various clusters according to their morphological performance during yield evaluation of D 9 P Deli dura population.
Conclusion
Based on the results of analysis of variance, it can be concluded that genetic diversity is highly present in these full-sib D 9 P progenies. Also, heritability of bunch quality traits was observed to be very low. Therefore, family or progeny selection could be used as the most suitable method to improve these traits. On the other hand, vegetative traits such as palm height, frond production, and rachis length were observed to have very high heritability, suggesting that these traits could be used as the basis for selection of high yielding and compact palms. Five progenies (DP5, DP8, DP4 DP3 and, DP24) have been identified to have high yielding and dwarf palms and could be selected for commercial production of D 9 P. This is due to their FFB yield, ranged from 28.63 to 30.81 t/ha and average of 29.69 t/ha. This is about 27.15% higher in FFB compared to the current planting material with FFB of 23.35 t/ha. High FFB in these selected progenies was due to their high bunch number in addition to good bunch weight. Additionally, these selected progenies possess average annual palm increment of 29.83 cm/yr with range of 26-32.5 cm/ yr, about 57.33% shorter than the current planting material with palm height increment of 45-75 cm/yr. Also, the average height increment of these selected progenies was about 14.19% shorter than the control cross. Using these selected progeny materials for commercial planting materials will not only increase the income through high FFB and but it will also ease harvesting process together with other agronomical practice and also delay the replanting period of oil palm plantation due to their dwarfness.
